It is important for a hospital to take countermeasures to reduce the damage of natural disasters such as earthquake because they need to provide necessary healthcare services to earthquake victims. However, there is no study on ways to maintain and improve hospitals' healthcare continuity. 
Introduction
Organizations in Japan must establish and employ countermeasures for disaster prevention and mitigation as soon as possible, because Japan has higher natural disaster risk than other countries. Many hospital that provides necessary healthcare services to the people who are injured during a disaster have to continue their services in spite of the damages they may experience. The international organization for standardization (ISO) for business continuity management system (BCMS) [1] is proposed; it requires an organization to perform risk analysis (RA) and business impact analysis (BIA), and then make its business continuity plan (BCP) based on the result of both analyses.
Existing research provides BCP guidelines for hospitals [2] [3] [4] , but it only advises on certain formats and examples; the general BCP guidelines only focus on damage restoration. Countermeasures carried out before a disaster are rarely described in these guidelines. Moreover, most disaster prevention plans of local governments only describe a few countermeasures, such as the evacuation of local residents.
In general BCP studies [5] [6] [7] , the focus is on shortening the recovery time, which is the time necessary to recover to the ordinary state after a disaster; however, this is not suitable for medical services, because they characteristically transform into disaster medical systems when a disaster occurs and delivery of services continues in extraordinary ways. Nonetheless, existing research [8] on disaster medical systems estimates the number of people who are not able to receive medical service based on the number injured by the disaster and the amount of available resources in a hospital. However, this study does not propose countermeasures for increasing the number of people who are able to receive medical services.
Although there is a research on countermeasures for emergency situations [9] , this study focuses on methods to treat specific patients after disasters. There are studies on hospitals' resilience evaluation [10] [11] [12] , which establish viewpoints and methods for such evaluations. However, they do not propose ways to improve resilience of hospitals or regions after the evaluation.
Consequently, there is no study on ways to maintain and improve hospitals' healthcare continuity. On the other hand, Kento O et al. [13] has proposed the gap model of medical needs and service capability that showed the types of countermeasures that should be employed in a hospital to maintain and improve the business continuity during a disaster, and to clarify the five countermeasure types. The purpose of this study is to list the more detailed countermeasures toward hospital management resources such as medical staff and devices, focused on "type 3: Reducing to decline the service capability" and "type 4: Improvement of service capability when a disaster occurs" of these five countermeasure types proposed in this previous study. This builds on the previous study by Kento O et al., providing more information for a hospital to take action for hospital business continuity. Figure 1 shows the gap model, which consists of the following three elements. The first element is the "amount of need for medical services." This indicates a scale of medical needs after a disaster has occurred, which is composed of the number of patients, degree of injury, and so on. Medical needs after a disaster has occurred are the sum of the medical needs newly generated by the disaster as well as ordinary medical needs.
Gap Model and Countermeasure Type
The second element is the "medical service delivery capabilities." This can be estimated from the amount of available resources in a hospital. For example, if electricity is disrupted and machines stop working, the hospitals' capabilities of delivering medical services declines. The capability depends on the amount of available management resources. The third element is the "gap between medical needs and the capability of medical services." The gap indicates that organizations are unable to provide enough medical services to the people injured in a disaster. If enough medical services are not provided, negative results occur, and patients are at risk. It means that the necessary action to fill the gap is a countermeasure. This study adopt the definition of "countermeasure."
In Figure 1 , the five countermeasure types corresponding to the arrows of the gap model are specified. Furthermore, more concrete countermeasure types are deployed as shown in Table 1 . Countermeasure type 1 is a measure against risk itself; it involves avoiding apparent risks, not incurring damage, and assigning responsibility for the damage caused by a disaster. Countermeasure type 2 intends to suppress the increase in medical needs associated with a disaster. Its purpose is to strengthen the local residents' resistance and have the residents respond well to the disaster. These countermeasures involve the necessity of ensuring fewer injuries in order to suppress increasing medical needs. Countermeasure type 2 also includes the responses of each organization in that region and the precautionary countermeasures for additional medical needs, such as protection against infectious disease. Countermeasure type 3 intends to reduce the decline in capability. The capability to provide medical services is equal to the level of available resources; therefore, countermeasure type 3 contains measures to protect resources before a disaster, ensure the redundancy of those resources, initiate responses contingent on the resources available, and so on.
Countermeasure type 4 intends to respond to the regional medical needs after a disaster has occurred. Countermeasures of this type are separated from others to ensure effective use and to obtain external resources/recovery from their own resources. Countermeasure type 5 alleviates the negative influence of the gap between medical needs and capability, by providing explanations to local residents and patients regarding services. Actions that plan, prepare, check, and improve these countermeasures are not contained in these countermeasure types. 
List of More Detailed Countermeasures

Scope and Outline of the Proposed Countermeasure List
First, this study focuses on "type 3: Reducing to decline the service capability" and "type 4: Improvement of service capability when a disaster occurs," as mentioned before. Because countermeasure type 1 is not easy to implement in operational hospitals, implementation of type 2 requires cooperation among local governments, hospitals, and residents, and type 5 should be discussed after types 3 and 4.
The proposed countermeasures are listed as a matrix table. The vertical axis of the list indicates the management resources required to provide necessary healthcare services to a patient, such as hospital staff, devices, materials and information systems. The horizontal axis indicates more detailed six countermeasure types. For example, the countermeasure type 3 is divided into "type 3-1: Strengthening to tolerance," "type 3-2: Prevention of damage spread," and "type 3-3: Ensuring redundancy." In other words, the proposed list is a matrix of management resources and more detailed countermeasure types. 
Specification of Management Resources to be Protected from a disaster
Generally, the necessary management resources for business management can be categorized as "human resource," "material," "device," "work environment," and "utility." This study investigates the management resources of hospital A, which is a municipal and polyclinic hospital, taking on a role of a core disaster medical hospital, and named them as management resources in a hospital as shown in Table 2 . For example, generally, human resource includes medical staff such as doctors, nurses, and so on. In material category, a hospital has medicines, medical gas, medical materials such as gauze, blood for transfusion, clothes, food and drinking water. As the financial resource can be used to obtain and modify other management resources, the required amount of financial resource can be estimated based on the effectiveness of 
Extraction of more detailed countermeasures
Based on Table 1 , type 3 is divided into the following three items: "type 3-1:Strengthening to tolerance," "type 3-2:Prevention of damage spread," and "type 3-3:Ensuring redundancy." type 4 is divided into "type 4-1:Outsourcing to outsiders," "type 4-2: Obtaining resources from outside," "type 4-3:Recovering resources," and "type 4-4: Redistribution internal resources."
The more detailed countermeasures are examined per the above countermeasure type per management resource. For example, medical staff is an important management resource to improve hospital continuity. Corresponding to "type 3-1: Strengthening to tolerance," the measure "To wear disaster prevention helmet" is extracted. It is also necessary "To take an initial action to ensure safety of medical staff," and "To conduct first aid for medical staff," corresponding to "type 3-2: Prevention of damage spread." Corresponding to "type 3-3: Ensuring redundancy," the countermeasure "To ensure the medical staff master necessary multi-tasking skills" is useful before a disaster occurs.
Furthermore, "To list patients who can be discharged from the hospital" and "To transport patients to other hospitals in other regions" are countermeasures for "type 4-1: Outsourcing to outsiders." Corresponding to "type 4-2: Obtaining resources from outside," it is necessary for a hospital to request the dispatch of additional medical staff, the disaster medical assistance team (DMAT), and private volunteers. There is no countermeasure corresponding to "type 4-3: Recovering resources" in the medical staff area.
Finally, as "type 4-4: Redistribution internal resources" intends to relocate all medical staff based on the priority of necessary medical services when a disaster occurs, it can be regarded as a countermeasures for "Type 3-3: Ensuring redundancy." Therefore, necessary countermeasures for type 4-4 are integrated into type 3-3.
As well, more detailed countermeasures for each management resource, except medical staff, corresponding to each countermeasure type are clarified. As a result, we found 253 more detailed countermeasures for our proposed list as shown in Table 3 . As the list clarifies the countermeasures that should be used for each different type of management resource in a hospital, hospital staff can easily understand the actions they must perform to improve their hospital business continuity.
Evaluation of the Proposed List
It is important for a hospital staff to examine the necessary countermeasures more comprehensively and concretely by utilizing the proposed list than before. As this study could not take such a prospective approach, the verification in this study focused on whether a hospital staff can understand the contents of the list, and the list can cover all the countermeasures that had been already taken in a disaster base hospital.
Therefore, we have verified the proposed list by answering the following three questions: Q1: Can medical staff understand the meaning of the content of the proposed list? Q2: Can the proposed list cover the countermeasures that a hospital has already taken or prepared? and Q3: Can medical staff find necessary additional countermeasures to improve their hospital business continuity by utilizing the proposed list?
To answer these three questions, the proposed list is evaluated by a doctor and a chief of the administration section, who are two of the core members to establish BCMS and improve business continuity in hospital A. Hospital A is expected to play a central role as a core disaster medical hospital in Kawaguchi City, Saitama Prefecture, Japan. The evaluation sheet is shown in Table 4 . First, both evaluators understood all the content of the proposed list. Then, they judged whether they have already applied the countermeasures shown in the list one by one; if they had already applied it, they checked the applicable box of labeled "complied with," otherwise they checked the "not complied with" box. In addition, if they found that a particular countermeasure was necessary for them, they checked the "should be added" box. Table 5 is a summary table of the obtained evaluation results. The numbers shown in Table 5 are the sum of all the checked countermeasures. Table 5 indicates that almost all the countermeasures in Table 3 were understood by both a doctor and a chief of the administration sector in hospital A, because they could judge whether they have already employed them. And, there are 19 countermeasures that should be added such as "To transport patients to other hospitals in the region" in medical staff category, "To introduce private electric generator" in utility category and so on. This means that it is useful for medical staff to examine necessary concrete countermeasures to improve their hospital continuity. Furthermore, the list covers all countermeasures in hospital A. In addition, 24 (9.5%) and 14 (5.5%) countermeasures in the list are selected as "Cannot be judged." In other words, more than 90% of the countermeasures in the proposed list are acceptable in hospital A.
Discussion
Importance of this study
An appropriate disaster response is essential for the safety of community residents. Especially, necessary countermeasures should be taken as soon as possible in Japan, because Japan faces a higher risk of occurrence of natural disasters such as earthquakes, than other countries. Improvement of hospital business continuity means increasing hospitals' capability to save the life of the injured during a disaster. Therefore, this study proposed a detailed countermeasures' list to improve hospital continuity; this is a useful approach for an appropriate disaster response.
As mentioned in section 1, no previous study that presents comprehensively the actions required after or before a disaster occurs. The proposed list is created based on the gap model, which indicates ways to fill the gap between medical needs and the capability of medical services. Countermeasures in the list are categorized according to each management resource in a hospital. In addition, the effectiveness is confirmed in hospital A, which is a core disaster medical hospital. This means that the proposed list can clarify not only comprehensive, but also concrete and useful, countermeasures for disaster response.
Future deployment
This study focused on countermeasures "type 3: Reducing to decline the service capability" and "type 4: Improvement of service capability when a disaster occurs," as shown in Figure 1 . However, detailed countermeasures for other types are also necessary for disaster prevention and mitigation. Moreover, recently, not only organizations but also area disaster response system need strong collaboration among related organizations, such as residents, hospitals, medical associations, fire and police departments, and the local governments. Therefore, necessary countermeasures as an area disaster response system and type of collaboration system they can be implemented effectively should be clarified in the near future.
Conclusion
This study proposed a list of comprehensive and concrete countermeasures to maintain and improve hospital business continuity in a disaster. This proposed list was developed based on the gap model. Furthermore, even if a countermeasure type is the same, different countermeasures are necessary to reduce the disaster's damage.
Therefore, this study created a list in which the vertical axis identifies the management resource required to provide necessary healthcare services to a patient, and a horizontal axis identifies the countermeasure type. The created list shows 253 more concrete countermeasures toward management resources to provide the necessary healthcare services in a disaster. In other words, this study can provide useful information for a hospital staff to take necessary actions to ensure their hospital business continuity.
As a future issue, the proposed list should be verified in other hospitals except hospital A. And the improvement of the proposed list can be implemented based on the problems that occurred in the past disasters such as Kumamoto earthquake.
